Four conditions of communication were created in a Prisoner's Dilemma (PD) game. In one condition the subjects were isolated so that they could neither sec nor hear each other, as in the typical PD experiment. In a second condition the subjects could sec but not hear each other. In a third condition the subjects could hear but not see each other. In a fourth the subjects could both hear and see each other. Results showed an increasing amount of cooperation through all four conditions, especially when the players could see each other. It was concluded that the high degree of competitiveness typically found in PD game studies may be largely a function of the isolation imposed on the subjects by the experimenter.
the game [p. 75] ." The situation had not changed much when Terhune (1968) published his monograph on the PD:
Finally, it should be realized that it is not concluded that communication necessarily increases cooperation. Communication provides greater opportunity for cooperation, but that opportunity may either not be used, ineptly used, or used for deceit and vituperation [p. 22] .
One factor that contributes to the lack of ability to generalize the results of communication across experiments has been the fact that the definition of communication was different in nearly every study. In one experiment Deutsch (1958) allowed subjects to speak to each other before a trial, and in another they were allowed to write notes. Loomis (1957) had subjects pass standard messages prepared by the experimenter. In the trucking game Deutsch and Krauss (1960) had their subjects communicate by means of bulky headphones and boom-mike sets, and voices were slightly distorted by a filter circuit that served to disguise the speaker. Terhune (1968) left his subjects free to write their own notes in communication conditions. Speaking into strange apparatus, passing "canned notes," writing notes spontaneously, and talking to each other before making a decision have all been lumped together under the common rubric "communication," while the many important nonverbal forms of communication have been largely ignored. Some messages were incomplete, and sometimes a message was transmitted from one partner to another with no opportunity for reply. What is more, since most of the studies used restricted numbers of trials, from only 1 (Deutsch, 19S8) to 30 (Terhunc, 1968) , the communication opportunities that did exist were often truncated.
In the present experiment an attempt was made to test the effect of communication on cooperation by partialing communication, as it normally takes place between two people, into its verbal and nonverbal components.
METHOD
The study had four experimental conditions. The first condition was similar to most PD studies in which the subjects arc isolated from each other both visually and auditorily. This isolated condition provided a base line against which to compare the other three conditions and was expected to show the general characteristics of results report cd elsewhere in the literature. The second, or see only, condition allowed the subjects to sec each other but not hear each other. They were instructed not to use their lips, which might permit exchange of unspoken words, nor to use written notes; otherwise they were free to communicate nonverbally in any fashion. In the third, or hear only, condition the subjects could hear but could not see each other. The fourth condition allowed unlimited communication and was referred to as the see and hear condition.
A number of procedures were common to all four conditions. They are described subsequently, after which considerations specific to each condition are presented.
Subjects
Eighty-eight female subjects were recruited from educational activities on the Claremont University Center campus during the summer of 1968. Care was taken not to divulge the nature of the study during the recruiting appeals, but the fact that subjects would be paid for participating was emphasized. Wrightsman, Davis, Lucker, Bruininks, Evans, Wilde, Paulson, and Clark (1967) claimed that the instructions to the subject may be among the most overlooked variables in game theory research. Therefore a determined effort was made to produce instructions that left no doubt that the subjects understood the nature of the game. The instructions were six pages long and designed to introduce the game and make clear all possible contingencies. At the end of the instructions the subject found a self-administered quiz which was followed by an answer sheet that informed the subject where to go back and reread parts of the instructions for each item answered incorrectly on the self-quiz. Deutsch (19S8) suggested that the motivational set of the subject is an important variable. Therefore, as is common practice, the instructions included a section designed to produce an individualistic set in subjects.
Instructions

Apparatus
An enduring problem in game studies that run more than 20 or 30 trials is that of boredom. This becomes especially acute if a pair of subjects has locked in on a recurring pattern of responses. The boredom then becomes a strong but uncontrolled motive. Since the subjects in this study would he given 78 trials, two techniques were used to move the game along at a brisk pace. First, the subjects were paid only at the end of the experimental session instead of after each trial, and second, automated apparatus was used to signal the beginning of each trial, process information, and give immediate feedback to both subjects of each pair. Each subject had her own console ( Figure 1) . If one or both subjects were slow in indicating their choice, the apparatus signaled them to hurry, and when both had made their selection and received feedback, I he apparatus signaled them to record their results. Each subject kept track of her own and the other person's earnings.
The task assigned each subject was to press either a red or a black push button located on the lower left portion of her console. The payoff matrix showing the consequences of pressing either button was printed on translucent material just above the buttons. After both subjects pressed their buttons, a light came on beneath the appropriate quadrant of the matrix, indicating to the subjects what choices each had made. The time interval for each complete trial was 11 seconds.
Three pairs of subjects could be run at one time. All had identical apparatus and were housed in identically shaped and decorated rooms with identical lighting. The subjects sat at opposite ends of a table with their consoles before them. On the center of the table was located a small speaker over which tape-recorded instructions were broadcast.
Responses were recorded in a separate control room on an Eslerline-Angus 20 pen event recorder.
Each subject was supplied with two pencils, a receipt, a practice record sheet, and a record sheet to be used for the actual playing of the game. The record sheet was numbered for 84 trials. However, to eliminate effects associated only with the end of the game, the game was halted after 78 trials, and only the first 70 were used in the data analysis. The purpose of the receipt was to call attention to and emphasize the fact that the subject would get, and be able to keep, the money she earned during the trials. The subject was instructed to fill out everything on the receipt except the amount, which she was to fill in at the conclusion of the experiment. She was told that when she was paid she would give Ihc experimenter the receipt so thai he could account for all money paid out. In the center is a switch that summoned the experimenter in case assistance was needed. In the upper left is the payoff matrix, printed on translucent material so that the proper cell lit up after both subjects had made their choices. In the lower left are the two choice buttons, black on the left, red on the right.) Subjects in all conditions received the same practice trials, which displayed each of the four payoff contingencies, and the same tape-recorded instructions were used for the introductory part of all conditions. The instructions described the operation of the apparatus, told how to fill out the receipt and record sheets, how to summon the experimenter in an emergency, and then gave all subjects practice so that all payoff contingencies were illustrated. At this point subjects were told to stand by for further instructions, after which the special instructions for one of the four experimental conditions were played. The same male voice was used on all tape-recorded material.
The payoff matrix used was that of Scodcl, Minas, Ratoosh, and Lipetz (1959) , with the numbers standing for pennies (see Figure 1) .
Isolated Condition
In this condition the two subjects were separated from each other by a brown cardboard partition. No part of the other person's body was visible to the subject. The subjects were brought to the room separately and given verbal instructions not to make any noise or look around the partitions. The special instructions for this condition recmphasized this. The partition effectively isolated the subjects visually. To isolate them auditorily, they were given instructions not to talk, gasp, sigh, or make other unintentional noises. Furthermore, white noise was introduced through the loudspeaker to mask all low volume sounds such as breathing, sighing, and shuffling of feet. The instructions described the noise and its general purpose.
See Only Condition
In this condition the cardboard partitions were removed. Each console had a small hood so that neither subject could see which choice the other was making by observing the position of her hand. In this condition the same white noise was broadcast as in the isolated condition and at the same volume. The instructions specific to this condition told subjects not to talk, make sounds, write signs, or form silent words with their lips. They were told that other than this they were free to behave in a normal fashion.
Hear Only Condition
The physical layout in this situation was just like that in the isolation condition, with the partitions present. However, the instructions told the subjects they could talk but were not to look around the partitions. The white noise was played in this condition so that it was present as a stimulus variable, but its loudness was greatly reduced. Subjects were informed about it as in the other conditions.
See and Hear Condition
In this condition the partitions were removed, and subjects were informed that they were free to talk and behave in a normal manner as the experiment progressed. The white noise was the same as in the hear only condition. Figure 2 plots the median levels of cooperation over 70 trials for all four experimental conditions. The responses of subjects in the isolation condition reflect a combination of the general trend cited in Pruitt's (1967) review and the findings from some of Oskamp and Perlman's (1965) studies. In the isolation condition the median level of cooperation began at slightly less than the chance level and declined over the first 40 trials, followed by a gradual rise to approximately the starting level.
RESULTS
The curve for the see only condition shows that group starting at about the same level of cooperation as the isolation group and remaining at a fairly constant level of cooperation through the fortieth trial. There was a slight rise in cooperation over the next 20 trials, followed by a large increase over the last 10 trials. In the hear only condition the level of cooperation began markedly higher than was the case in the two previous conditions. This curve is characterized by great variation, with a slight general trend toward less cooperation over the first 60 trials. The last 10 trials showed a pronounced increase in the level of cooperation.
Finally, in the see and hear condition the initial level of cooperation was the highest of all four conditions, and there was an increase in level of cooperation over the first 50 trials, after which the level remained constant.
To test the significance of the difference between these curves, Jonckheere's (1954) distribution-free ^-sample test against ordered alternatives was used. This is a test of the hypothesis that the sample came from populations which were stochastically ordered in a series. In this study the experimental hypothesis was that the order of the series would be isolation, see only, hear only, see and hear, progressing in order from low cooperation (isolation) to high cooperation (see and hear). This hypothesis was very significantly supported by the test (S ~ 290, B~, --2.94, p < .005). Since the within-pairs responses are not independent, of each other and the betweenpairs responses are (Rapoport & Chammah, 1965) , the data used in this test were the scores of pairs of subjects.
The median level of cooperative responding over the 70 trials was 4-0.7% in the isolation condition, 47.7% in the see only condition, 72.1% in the hear only condition, and 87.0 f X> in the see and hear condition.
The lockin effect (Rapoport & Chammah, 1965) in this experiment was defined as a pair of subjects making either jointly cooperative or jointly competitive responses for at least 90% of the final 30 trials. In the isolation condition two pairs of subjects locked in on joint cooperative responding. .In the see only condition four pairs of subjects exhibited cooperative lockin. In both the hear only and the see and hear conditions, there were six pairs of subjects that cooperatively locked in. There were no competitive lockins in any condition. However, in the isolated condition, two individual subjects each made a long series of competitive responses independently of their partner. The same thing occurred for two individual subjects in the see only condition, but did not occur in either the hear only or the see and hear conditions. Finally, pair scores from the two conditions allowing subjects to see each other (sec only and see and hear) were combined, and pair scores from the two nonseeing conditions (isolation and hear only) were combined. A Kruskal-Wallis one-way analysis of variance was performed to test the significance of the difference between the two combined groups. The results support the hypothesis that subjects who can see each other when playing a I'D game are more cooperative than subjects who cannot see each other (// -10.59, dj -3, p < .02).
DISCUSSION
The difference in level of cooperation between the isolation condition and the see only condition was much less than between the isolation condition and the hear only and see and hear conditions. The relatively low level of cooperation in the sec only condition was probably due to more than just the inefficiency of a nonverbal channel of communication, for in several instances subjects in the see only condition avoided using the opportunity to communicate. When one subject wanted to communicate, the other one would sometimes prevent it simply by not looking up. The conditions which allowed the subjects to speak had the great advantage that the mode of communication was not perceptually directionspecific, and a subject who wanted to communicate could impose this on a reticent partner.
The cooperative lockins were distributed in much the same way as the mean levels of cooperation were, that is, few cooperative lockins in the isolation condition, more in the see only condition, and the largest number in the hear only and see and hear conditions. Also, the long strings of independent competitive responses occurred only in the two conditions allowing the least communication.
The method of gathering data allowed the experimenter to measure the read ion time of each subject from the onset of the "choose" signal until the subject pressed her choice button. It had been hypothesized that there might be a difference in reaction time associ-aled with the different conditions of communication or levels of cooperative responding. This did not occur, however, and the constancy of response rate may have been caused by the pacing effect of the apparatus.
The results shown by the isolation group in this experiment seem sufficiently typical of the results of other researchers, so that it can be considered that the subjects came from similar populations. Apparently, in spite of differences in time, place, subjects, instructions, apparatus, experimenters, absolute value of payoff, subjects' sex, and so on, the game these subjects played was very similar in outcome (o the game other subjects have played in the literature amassed to date. The first 40 trials of the isolation curve are well described by the following conclusion from Gallo and McClintock's (1965) review of PD literature:
The results of the studies that we have cited present a fairly consistent pattern. In general, the percentage of cooperative responses that arc obtained in the PD game tends to be well below SO percent, and this percentage tends to decrease over a series of trials [p. 741. One of the more interesting findings of this study was that it made a difference whether the subjects could see one another. Furthermore, only when subjects were allowed to see each other as well as speak to each other were they able to attain high, stable levels of cooperation by the midpoint in the game.
Nearly all prior PD studies dealing with communication have manipulated messages involving words and cognitions. One exception is a study by Durldn (1967) , in which he showed that brief sudden flashes of mutual visual illumination, too brief and sudden to carry cognitive information, influenced PD outcomes significantly toward cooperation.
To determine why seeing each other might allow subjects to be more cooperative, it would be necessary to look elsewhere than the PD literature. There is considerable evidence that much important communication is nonverbal, fn his book, The Silent, fMnguage, the anthropologist Hall (1959) dealt extensively with the ways in which people communicate and control behavior without words. Investigators like Kkman (1964) , concerned with kinesic communication, have shown experimentally the communicative effect of body position and facial expression. Trager (1958) , in his work on paralinguistics, dealt with such concepts as "voice set" which, while not a visual phenomenon, is a noncognitive event that might have been interfered with by Deutsch's voice filters. Abrahamson (1966) summarized a number of studies dealing with "covert communication" and concluded that it would be vastly more difficult for individuals to adjust their behavior to others if this form of communication were removed from human interaction. Finally, many animal social psychology and communication studies (Smith, 1969; Zajonc, 1969) suggest that the behavior of other organisms is significantly influenced by often very subtle visual cues.
The communication of emotional meaning, which plays a large part in social control, is often carried out nonverbally by such expressions as frowns and smiles. Tn the typical isolated PD situation, all feedback of this sort is cut out of the loop. Thus even though there is some tacit communication of information as a consequence of the payoff matrix and the choices made, most processes of social control arc not introduced.
Amnon Rapoport (1967) has pointed out that if a player docs not feel he has any way of influencing the other player, then the minimax strategy (playing competitively in the PD) is indeed the compelling choice, for it minimizes losses. Since influence over another's actions is almost directly a function of communication, the typical PD experiment makes it quite likely that subjects will be highly competitive. Hayes, Meltzer, and Bouma (1968) have suggested that some interpersonal perception dimensions may be primarily controlled by particular communication modes. Thus subjects may communicate some "messages" essential to interpersonal rapport only by nonverbal means. Steiner (1955) theorized that accurate perception of emotions and motives leads to smoother interpersonal relations only when persons are able to react freely to new information by developing a closer dyadic relationship as perception becomes more accurate. But of course none of this is possible when subjects are isolated from each other.
When, however, they can see each other, at least the minimum conditions for developing closer dyadic relationships are available which then in turn allows for the more effective use of newly communicated information whether explicit or tacit.
These remarks suggest a rationale for why not only seeing each other should affect cooperative responding, but why all forms of communication would have such an effect. With communication opportunities, cues that elicit socially facilitative behavior are present, and subjects can exercise some control over each other. The feeling that the other person can be influenced diminishes the compelling nature of the competitive choice for each subject. As the efficiency of the mode of communication is improved or as different modes arc combined, not only are a larger number of cues made available, but possibly different kinds of cues are also made available. Then the two subjects can provide the social contingencies which may allow them to learn to cooperate with each other even if they had not begun by playing cooperatively. By being able to see each other, the subjects are provided with a set of nonverbal cues that provide a context in which the explicit verbal communications become more meaningful. Finally, the results of this study seem to indicate that when subjects placed in the trying circumstances of a PD game are able to exploit the full range of their communicative abilities, they will usually behave in a socially facilitating way that is in their long-run, joint best interest.
